When studying human-technology interaction systems, researchers thrive to achieve intuitiveness and facilitate the people's life through a thoughtful and in-depth study of several components of the application system that supports some particular business communication with customers. Particularly in the healthcare field, some requirements such as clarity, transparency, efficiency, and speed in transmitting information to patients and or healthcare professionals might mean an important increase in the well-being of the patient and productivity of the healthcare professional. In this work, the authors study the difficulties patients frequently have when communicating with pharmacists. In addition to a statistical study of a survey conducted with more than two hundred frequent pharmacy customers, we propose an IT solution for better communication between patients and pharmacists.
Introduction
Nowadays, for both companies and persons, time management is something crucial. Community pharmacies are an important pillar of the national health system and are a privileged point of contact with patients. However, this contact is sometimes subject to long queues, especially during periods of minimum service or weekends. Patients waste a lot of time looking for the medication they need.
The main questions and issues patients had when in need of using pharmacy retail stores were previously addressed by several apps and websites that support the search for nearby pharmacy stores, inform the patient if they are open and provide general contacts like telephone numbers or email. Although this seems to be a standard method for obtaining the medicines in a patient s prescription, at our best knowledge there is no previous inspection of the public opinion about their needs and if a better option for improving the efficiency of such means of communication between healthcare pharmacists and patients would exist. Therefore, we posed some questions about these issues to ourselves and to some patients. It was not clear whether these were present in the minds of the majority of the patients, exactly because the systems seem to be established and resilient. We will show that there are possible improvements that the previous assumption might not be quite right. The main questions are:
arXiv:1812.01499v1 [cs.HC] 4 Dec 2018 1. Would it be possible for a mean of communication between a patient and a pharmacy which does not involve physical displacement or telephone contact that often disturbs the normal operation of the pharmacy? 2. Would it be possible for a means of communication to be made available to the user to check whether the pharmacies in the area had the necessary prescription medicines for themselves, namely low-volume or out-of-store drugs?
With these issues in mind, the authors did a survey that had hundreds of respondents. The results were assessed with statistical methods to provide an answer to both questions. Additionally, in this document, the authors present MEDLOC, an app created to achieve a better solution for medicine search by patients and a more efficient response from the pharmacists. MEDLOC would allow smartphone and tablet users to have information on the availability of medications at nearby pharmacies, and would allow the user to better manage his prescriptions.
Background
Community pharmacists are major contributors to the health care system around the world. The role of the pharmacist has evolved throughout the years, shifting from just selling medicines to more a patientcentered approach with an increased offer of health services Viswanathan et al. (2015) . Pharmacists are qualified to provide pharmaceutical education, monitor therapy results, contribute to decrease the risk of side events and prevent drug interactions (Ansari, 2010; Bosse et al., 2012) . It is vital to promote initiatives which contribute to a more efficient resource allocation and a more widespread access to health care.
Something that has been facilitating and streamlining the life of the population has been the use of communication technologies, such as of smartphone and tablets, with its usage quickly increasing in the last years.
With this increase, the number and functions of health and healthcare related apps are also increasing and gaining wider adoption (Bol et al., 2018) . These types of apps are also known as mHealth, an abbreviation for mobile health (Adibi, 2015) . Some of most popular categories for these types of apps include: fitness, nutrition and medication management (BinDhim et al., 2015) .
A study by Krebs and Duncan (2015) conducted with 1604 mobile phone users throughout the United States, shows that more than half (58.23%) of the surveyed users had downloaded at least one healthrelated app. In terms of the impact such apps can have on their users, there are apps for smoking cessation (Abroms et al., 2011) , ophthalmology testing tools (Chhablani et al., 2012) , for diabetes, obesity and weight management (Wharton et al., 2014) , for asthma self-management (Huckvale et al., 2012) , amongst many others. However, many apps are not backed by scientific data, and so can have a negative impact on their users (Pandey et al., 2013) . There is a need to improve the accuracy of the information and advice given by health-related smartphone applications and encourage participation by health-care agencies to ensure patient safety. Wharton et al. (2014) compared the usage of a smartphone app for dietary self-monitoring against traditional diet counseling and entry methods, during an 8-week trial. Three methods were compared: the mobile app "Lose It!", a memo feature on a smartphone and the traditional paper-and-pencil method. The results show that the group using the weight loss app recorded dietary data more consistently that the other two groups, which shows one of the advantages of health-related apps. Cafazzo et al. (2012) developed an mHealth app for the self-management of type 1 diabetes adolescent patients, with a user-centered design developed through interviews made to the patients and respective family caregivers. The app allowed for simple and automated transfer of glucometer readings through a Bluetooth connection to the device to facilitate data entry. In addition, it had social and gamification features in order to increase interest and adherence. The results showed that the daily average frequency of blood glucose measurement increased by 50%. In addition, the user satisfaction was high, with most stating they would continue to use the app. There is significant literature on the benefits of these type apps for the self-management of both type 1 and type 2 diabetes (Quinn et al., 2008; Scheibe et al., 2015; Tran et al., 2012) .
Medication nonadherence is a very common, complex, and costly problem that contributes to poor treatment outcomes and consumes many health care resources. Nonadherence greatly increases the risks of complications and comes with greatly increased health costs (Briesacher et al., 2007; Ho et al., 2006 Ho et al., , 2008 . Some apps assist with the management of medications and try to improve medication adherence through various methods such as alarms (Dayer et al., 2013; DiDonato et al., 2015) . Smartphone apps also have the potential to detect some diseases and disorders, such as depression. BinDhim et al. (2015) developed an app which could detect depression through a questionnaire and which would give out personalized recommendation based on the results. Patients with a high depression score were advised by the app to take their results to their healthcare professional for further assessment. They were also provided with an explanation of the results as well as links to education websites about depression.
Moreover, health care professionals, such as pharmacists, have also been targeted by some studies which show that such professionals can also benefit from health-related apps (Davies et al., 2014) . The availability of mHealth apps targeted at pharmacists can lead to a reduction in the time taken to carry out a particular service or task, which is a key benefit to pharmacies. According to Davies et al. (2014) , to be a useful healthcare tool, a mobile app should help with the decision-making process, facilitate the pharmacist and staff, act as a communication aid and provide support and education to the patient. Haffey et al. (2014) reviewed smartphone apps which could help doctors with the prescriptions they make. According to the authors, junior doctors write many of the hospital prescriptions, with studies showing that doctors in their first 2 years of practice have a rate of prescription errors between 7% and 10%. The search which was made showed there was a large and diverse number of smartphone apps available for supporting the prescribing practice, despite the quality variance among them.
Survey and Data Analysis
An online questionnaire was applied in which 271 responses were obtained. Table 1 shows the characterization of the respondents. The majority of them were Portuguese (96.3%), and the age varies between 18 and 58 years old, with M=26.60 (SD=8.628). Regarding their gender, 55% was female, and 45% was male. 40.2% has a college degree, 29.2% has a master's degree, 28.4% has a high school level, and 2.2% has a Ph.D. Additionally, 65.7% are students, 18.5% are student workers, 13.7% are workers and only 2.2% are unemployed.
When the workers were questioned (N=37), 70.3% of them affirmed to be technicians, 21.6% are managers, and 8.1% are commercials ( Regarding students (228 respondents), the majority lives in the urban area (78.1%), and 21.9% lives in rural area (Table 3) . 74.1% of the students are studying to obtain the master's degree, 19.7% to obtain the Arts and architecture 7 3.1 *N=227 Ph.D. and 6.1% to obtain the college degree. The study area of the students is engineering (48.5%), health (23.3%), sciences (14.5%), economics and management (10.6%), and arts and architecture (3.1%).
When asked about the past usage of applications for support in the contact/location of pharmacies (results in Table 4 ), 63.1% responded no, and 36.9% (100 respondents) answered yes. The respondents who said yes, 95.0% of them consider to search for a pharmacy-related subject less than five times per month, 1.0% between five and ten times per month, and 4.0% more than ten times per month. Additionally, these respondents were asked about the need for more information about in-service pharmacies or available drugs to achieve higher efficiency in obtaining their necessities. 11% of them said never, 40.0% rarely, 38.0% sometimes, 10% frequently, and 1% always.
Despite these opinions, 54% of these respondents consider to know any software that allows the location of pharmacies in service: 77.8% knows "Farmácias de Serviço," 63% knows "Farmácias Portuguesas" and 5.6% indicates other software as Google.
Based on Table 5 , 51.0% of the respondents who used applications for support in the contact/location of pharmacies, find difficulties to find all the drugs in their prescription in a single pharmacy. The main difficulties mentioned are:
1. sometimes the nearest or open pharmacy does not have all the necessary drugs available (60%), 2. the need to order unavailable drugs and with it a considerable waiting time (25%), To solve these difficulties, 10% has already previously contacted the pharmacy in service in order to check in advance if all the drugs in their prescription are available and do not waste time in traveling.
In case the respondent has to search in applications or on the internet about a particular local pharmacy (Table 6 ), 27.3% consider that they only search results less or equal than 5km away, 8.1% search results for more than 5km, 31.3% search all results near them, 27.3% search for 3 or fewer results, and 6.1% search more than 3 results near them.
Considering the scenario of the respondent going to a local pharmacy and, after arriving there, verifying that the same does not have all of their medicines available:
1. 59.0% search or inquire about nearby pharmacies to complete their prescription, 2. 32% give up on going to a new pharmacy and order the necessary drugs, getting on the waiting list, 3. 20% call other nearby pharmacies to see if they have the necessary drugs, 4. 16.0% try asking someone for advice on the subject or more information.
Due to the difficulties currently encountered by the majority of respondents, we proposed a solution to the respondents: a system that could provide communication with pharmacies in order to submit the prescription and know in a few minutes, which closest pharmacy could provide all the drugs in the prescription. We obtained the following measures of interest: After the descriptive analysis of the sample, it is essential to perceive the influence of some factors in the opinion of the respondents. Thus, a cross-tabulation analysis of the information was performed using the chi-square test, whose null hypothesis is that the variables are independent. Additionally, the chi-square test provides two statistics that indicate whether the variables are associated or independent: a chi-square statistic and a p-value.
Thus, if the p-value is less than or equal to 0.05 (level of significance considered as acceptable), the null hypothesis is rejected, and the variables are associated. If the p-value is more significant than 0.05, the null hypothesis is not rejected, and it is possible to conclude that variables are independent. Table 7 presents the main results of the influence of the age in some opinions of the respondents. Regarding the first comparison (age vs. difficulty to obtain drugs), the null hypothesis is rejected, and variables are associated. This means that young people have fewer difficulties to find drugs, and older people have more difficulties, which could be explained by the fact that old people have more health problems or have already lived more experiences.
However, it is clear that age does not influence the interest in a new system, the necessity of more information and the use of location software.
The comparison between the necessity of more information and the difficulty in obtaining drugs (Table  8) show that these variables are associated (p=0.045<0.05). Thus, people who had more difficulties to get drugs are precisely those who feel more necessity to have more information available. By the opposite, people with few difficulties to obtain their drugs are who rarely feel the necessity to have more information available. Table 9 present some factor that could influence the interest in a new system. Regarding the difficulty to obtain drugs, it is possible to verify that people who had to feel that, are the most interested in a new system, and people with fewer difficulties does not feel the same interest.
Additionally, people who had already a waste of time to find the necessary drugs have more interest in a new system. If they do not waste time to find drugs, they have less interest in a new system.
Regarding the situation "sometimes the open pharmacy does not have the needed drugs" vs. "interest in a new system," the null hypothesis is rejected and, then, both variables are associated. Similar to previous analysis, people who consider that sometimes the open pharmacy does not have the needed drugs have a high interest in a new system.
Finally, people that search or inform of nearby pharmacies are the most interested in a new system (p=0.004), and the opposite also happens.
To conclude, it turns out that the most active people in the search for pharmacies, drugs or even information are those who are most interested in a new system that easily makes all this information available.
Proposed Solution
During a course of I.T. Engineering Degree at Faculty of Engineering, University of Porto, the students, oriented by the course teachers and the authors of the idealization of such system, proposed Medloc, a new software system. This new system would support both the patients and the pharmacists in achieving a better and more efficient communication.
Medloc was idealized to be an app that will allow:
1. Fast and efficient communication between users and pharmacies 2. Better management done by the users of their own prescription 3. It can replace traditional face-to-face or telephone answering service, useful in periods of minimal services avoiding long queues and less time spent by pharmacists over the phone which can be used to attend to patients or other important tasks 4. Information on the availability of the medicines required by the patients on his smartphone or computer instead of wasting time calling over the phone or taking time to search in several pharmacies 5. Information about the location of the pharmacy
Prescription management
In Figure 1 , it is possible to check that the user can insert his prescription. Additionally, the user is helped by an automatic completion of the medicines, i.e., the application has autocompleted features. The user can cancel, edit or ask for availability of prescription medicines, in corresponding buttons.
Availability Requests
After pressing the availability button in the app (see the previous figure), the systems sends the request from the user app to the server, and finally, the request is forward to registered pharmacies near the user location. Figure 2 shows the list of pharmacies that received the request with the option for the user to press the button and see each pharmacy in the map. In Figure 3 , it is also possible to view the app feature related to notifications, these notifications are related to responses from individual pharmacies with the availability of the prescription medicines.
Response to drug availability requests
In case of no response, it is possible to check in the following figure that all pharmacies tried did not respond positively. What might happen in this case, is that the system will update its radius of search and will expand the area of search and increase the number of enquired pharmacies, after a specified period of time (for example, 10 minutes). Please see Figure 3 . Figure 4 , demonstrates a possible layout for the pharmacist application. It is visible that the pharmacist is preparing a response to the patient and user of the mobile app. In this case, the pharmacist does not have all medicines available, and he checks in the checkbox only the ones he has immediately available. It is also possible to check that the Pharmacist has one green and a red button that allows responding rapidly to requests, respectively with the green button when the pharmacist has all medicines and the red button when the pharmacist has none of the medicines in the prescription.
From the point of view of the Pharmacies

Pharmacies Location
Please check Figure 5 . In this screen, the patient can see all the pharmacies that are near him. It also shows some more information about the pharmacies.
Issues, Controversies, Problems
The major issues Medloc can suppress are:
1. Communication between users and pharmacies only on-site or by telephone 2. Inexistence of information on the availability of medicines at nearby pharmacies 3. Long queues in periods of minimum services or weekends 4. App will be useful for users who are deaf and/or mute The major problems Medloc can have against are: 
Conclusion
Concluding, in this document we presented a novel view for the needs of patients and pharmacists. We demonstrated that the general opinion of the public leans towards a new needed system to provide communication between both sides of the chain.
Also in this document, we proposed a new system, MEDLOC, simpler and faster communication between patient/user and pharmacy. We concluded that this software provided means to find the nearest pharmacies to a certain location, with better management of the prescriptions. Thus, with the possibility to question (online) the pharmacy about medicines available in stock, adhering pharmacies are notified of new availability requests and can respond to those requests. The user is notified through both the site and the mobile app when new responses to their requests appear in an efficient and transparent manner. Such a system can avoid the loss of commuting time for patients and also service time for pharmacists.
Future work would be to test pilot the MEDLOC prototype in a working environment in a chain of pharmacies or agreement with a country's Pharmacy supervising institution. Further work might also be achieved regarding the possibility for the patient to make reservation of medicine(s) or even request the delivery of medicines to their house. Considering the possibility of major retail enterprises being able to provide medicines delivery, this could be an essential step to pharmacies retail system and improvement of their business.
